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Background: Comparative effectiveness research analyzes groups
of patients and looks for associations between medical treatments
and patient outcomes. To make meaningful comparisons of medical
interventions, one must consider clinical heterogeneity of patient
populations, intervention combinations, and outcomes.

Objectives: To explain how practice-based evidence (PBE) study
methodology measures and controls for heterogeneity of patients,
treatments, and outcomes seen in real-world clinical settings.
Research Design: Overview of PBE methodology.

Conclusions: PBE study designs address comparative effectiveness
by creating a comprehensive set of patient, treatment, and outcome
variables, and analyzing them to identify treatments associated with
better outcomes for specific types of patients. PBE studies are an
alternative to randomized controlled trials, well suited to determine
what works best for specific patient types, and provide clinicians
with a rational basis for treatment recommendations for individual
patients. They provide a holistic picture of patients, treatments, and
outcomes, with no preset limits to the number of variables that can
be included. Such an approach is needed for high quality compar-
ative effectiveness research.
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C omparative effectiveness research (CER) examines rela-
tionships between medical treatments and patient out-
comes. To make meaningful comparisons of medical inter-
ventions, one must consider clinical heterogeneity of patient
populations, intervention combinations, and outcomes. Con-
ventional randomized controlled trials (RCTs) are of limited
generalizability as they severely restrict enrollment to ensure
a homogenous study cohort. Also, RCTs analyze treatment
effects individually, rather than in combinations that reflect
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clinical practice.'”* CER offers a way to hasten the discovery
of best practices and contributes to personalized medicine by
accounting for patient differences and treatment combination
variations.’

METHODS

Researchers, clinicians, and policy makers seek alter-
natives to RCTs to compare effectiveness of overlapping and
diverse treatments in real-world patient populations.” Prac-
tice-based evidence (PBE) research methodology is an alter-
native that can be applied in many clinical settings and
specialties."*°~13 PBE is a prospective, observational cohort
design and shares some similarities with registries, cohort,
and other observational studies. However, PBE studies do not
limit the numbers and types of interventions or artificially
restrict patient variability. PBE accommodates multiple con-
current interventions and patient characteristics that reflect
actual clinical practice, using data from natural settings to
describe the content and timing of treatments that are asso-
ciated with better outcomes (including patient reported out-
comes) for patients with specific characteristics. Medical care
is neither suspended nor altered in PBE studies, comprehen-
sive and multidimensional patient severity descriptors are
included in analyses, and variability is controlled statistically
rather than through enrollment criteria and randomization.
PBE designs have high external validity because they include
virtually all patients with or at risk for the condition of
interest, as well as potential confounders that could alter
treatment responses.

PBE study designs address comparative effectiveness
by creating a comprehensive set of patient, treatment, and
outcome variables and analyzing them to identify treatments
that are associated with better outcomes for specific types of
patients. This methodology incorporates 4 elements of prac-
tical clinical trials critical to increase value of clinical re-
search: comparison of clinically relevant alternative interven-
tions, inclusion of diverse study populations, participant
recruitment from heterogeneous practice settings, and data
collection covering a broad range of health outcomes.'* Most
PBE projects select study sites that are diverse in terms of
geographic location, setting type (eg, academic, community,
rural), and race/ethnicity of patients.

PBE is an example of “participatory action re-

search”®!? as it involves clinicians engaged in actual patient
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care. A key step in a PBE study is assembling a diverse
project team with multiple areas of relevant expertise: mul-
tidisciplinary care providers; administrative, technological,
and research experts; and consumer groups. For example, the
project team in a PBE spinal cord injury rehabilitation study
included physicians, nurses, therapists, psychologists, social
workers, information technology experts, and patients who
had survived a spinal cord injury.

Cooperation is engendered by engaging front-line cli-
nicians in all aspects of PBE projects. The project team
defines the variables to be included in the PBE project based
on initial study hypotheses, a literature review, and their
clinical experience and training. Many relevant details about
patients, treatments, and outcomes are recorded in patient
medical records; however, the project team often identifies
additional critical variables that must be collected in supple-
mental standardized documentation developed specifically
for the PBE study.

Here, we provide an overview of how PBE measures
and controls for heterogeneity of patients, treatments, and
outcomes seen in day-to-day clinical settings, with refer-
ence to 4 example PBE studies we have conducted (Table
1), followed by a discussion of measurement error issues
associated with PBE data sources, and appropriate analytic
techniques.

Patient Heterogeneity

PBE addresses patient heterogeneity by measuring a
wide variety of patient characteristics that go beyond race,
gender, age, payer, and other variables in administrative
databases. For some studies, it is important to incorporate
genetic or genomic/proteomic information. The goal is to
measure all variables that contribute to a comprehensive
patient description and control for treatment selection bias:
individually, in combination, or through assimilation into an
overall measure of clinical complexity that medical personal
take into account when treating a patient.

The Comprehensive Severity Index (CSI)**~*° provides
a comprehensive measure of how ill (extent of deviation from
“normal”) a patient is at the time of presentation to the
healthcare system and over time within the system. CSI is
age- and disease-specific, independent of treatments, and
provides an objective, consistent method to define patient
severity of illness levels based on over 2100 signs, symptoms,
and physical findings related to a patient’s disease(s), not just
diagnostic information (ICD-9-CM coding) alone. CSI cal-
culation uses weighting algorithms based on ICD-9 codes and
data management rules to calculate severity scores for each
patient overall and separately for each of a patient’s diseases
(principal and each secondary diagnosis). These severity
scores permit researchers to ask “how sick is the patient?” in
clinically relevant ways during analysis.

Often, it is appropriate to use the full “patient as a
whole” CSI score because of the large effect that comorbidi-
ties have on patient outcomes.”?*>° For example, a patient
admitted to a hospital with pneumonia typically is more
challenging to return to baseline health if that patient also has
complicating comorbidities such as severe congestive heart
failure or renal failure, or develops complications such as
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sepsis or adult respiratory distress syndrome. Researchers can
examine the overall severity score for the patient that includes
all of the patient’s complications and comorbidities, or they
can look at the admitting diagnosis of pneumonia or each
secondary diagnosis, depending on what is most relevant for
specific analytic questions. Upon initiation of each new PBE
study, CSI criteria for the study condition, including the
4-level categorization of individual variables (level 1: normal
to mild; level 2: moderate; level 3: severe; level 4: cata-
strophic or life threatening), are reviewed and edited if the
team thinks it appropriate.”’

CSI is used along with other measures of patient dif-
ferences such as level of spinal cord injury, tumor stage and
type for cancer, etc, to control for patient differences and can
help to assess treatment selection bias when that is a question.
CSI has been validated extensively for more than 25 years in
numerous studies in inpatient (adult and pediatric), ambula-
tory, rehabilitation, and long-term care settings.*® >’

Treatment Heterogeneity

While clinical guidelines strive to standardize care for
specific conditions, treatment in clinical settings is often
determined by facility standards, regional differences, and
clinician training. Therefore, like patient heterogeneity, treat-
ment heterogeneity must be measured and controlled during
PBE study analyses. PBE project teams identify and define
treatment variables to be measured and specify how to collect
them in a standard manner for all participating sites. Consis-
tent measurement standards are important to minimize the
influence of documentation practices and completeness on
data quality. PBE does not require providers to follow treat-
ment protocols or exclude certain treatment practices. It uses
variation to identify better practice by examining different
approaches to care while controlling for patient variables.

Some treatment processes are described consistently in
conventional medical chart documentation. Medication ad-
ministration, equipment use, and surgical approaches are
examples of variables that, if relevant to a particular study,
can be found in patient medical records.

Supplemental documentation strategies may be neces-
sary to measure all variations in treatment practiced in par-
ticipating sites. Each PBE project team determines if supple-
mental documentation is necessary, identifies variables for
inclusion, and defines each variable so that clinicians in all
participating centers interpret and use each variable consis-
tently. For example, in PBE studies in rehabilitation settings
an important focus of documentation is content of therapy, in
addition to duration information that is documented conven-
tionally. In some rehabilitation facilities, physical therapy
(PT) may occur in 2 standardized 20 to 30 minute sessions
each day; others provide daily hour-long sessions.'® Stan-
dardized point-of-care documentation captures details of ther-
apy provided and time can be quantified by activity, session,
day, or week as deemed clinically appropriate to account for
different practices among centers. Where content of ther-
apy has been measured, it has allowed researchers to
uncover significant associations between specific content
and better outcomes.® Such studies move beyond previous
work that made no distinctions among therapy components
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TABLE 1.

Examples of Patient, Process, and Outcome Variables From Recent PBE Studies

Study Focus Patient Characteristics

Process Characteristics Outcome Characteristics

Post-stroke
rehabilitation’

Type and location of stroke
8.9,15-17

Body mass index

Time from stroke onset to rehabilitation
admission

Functional status at admission (measured
using the Functional Independence
Measure (FIM))

Medical complexity as measured by the
Comprehensive Severity Index (CSI)

Traumatic brain
injury (TBI)
rehabilitation
(in progress)

Length of posttraumatic amnesia

Type and location of TBI

Admission cognitive and physical function
(measured using FIM)

Medical complexity as measured by the
CSI

Spinal cord Level and completeness of injury as

injury measured by the American Spinal Injury

rehabilitation'®2! Association (ASIA) standard
neurological classification of spinal cord
injury

Medical complexity as measured by CSI

Nursing home
residents??~2°

Medical complexity as measured by CSI

Incontinence frequency

Meal intake, weight

Behaviors

Assistance needed for activities of daily
living

Pressure ulcer assessments/measurements

Time spent on balance training and

Nutritional support
Medication management

Time spent in ADL training

Training in community functioning

Time and type of transfer training

Time spent in gait training and all
other therapy activities and
interventions during each therapy
session

Amount and type of enteral feeding

Functional status at discharge
(measured using the FIM)

Change in FIM score from
admission to discharge

Medication management Discharge location

Rehospitalization during rehab

Complications such as pressure
ulcers, falls, deep vein
thrombosis (DVT)

Change in FIM score from
all other therapy activities and admission to discharge
interventions during each therapy

session

Time spent on visual assessment and
on visual training; time spent on
cognitive remediation

Discharge to private residence

Length of stay

Functioning at 12 mo
postinjury
ASIA score at discharge

Change in ASIA from
admission to discharge

Quality of life 12 mo postinjury
(as measured by Craig
Hospital Assessment and
Reporting Technique
(CHART))

Medication management
Nutritional support

DVT prophylaxis

Respiratory therapies

Wound and infection treatments
Methods to contain incontinence
Nutritional support methods
Medication management
Physical therapy

Pressure ulcer treatments

Pressure ulcer development
Bladder infections
Interruptions in rehabilitation

Development of pressure ulcers
Time to heal pressure ulcers
Falls

and recorded only total time spent in PT or occupational
therapy per day.*®

Pilot testing is used to ensure that point-of-care docu-
mentation and other chart data collection capture all elements
that clinicians believe may affect the outcomes of their
patients. If a variable is not measured, it cannot be used for
statistical control or as a confounder. PBE studies require
effort from all types of clinicians involved with a patient to
ensure that data acquisition is as comprehensive as necessary.

© 2010 Lippincott Williams & Wilkins

Once a PBE project team decides to include supple-
mental standardized documentation, it must determine the
most appropriate process to implement the documentation.
These standardizations have been incorporated into a variety
of data collection tools, including (1) optical character rec-
ognition paper forms that are scanned into a database, (2)
paper forms that are key-entered into a web-based system, (3)
electronic applications that are loaded to personal digital
assistants (PDA), and (4) electronic health records systems.
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Selection of a data collection method depends in part on
the detail required. For example, a study requiring very
detailed process information is better served by a menu-
driven PDA application than paper forms, because the latter
is typically limited to 1 to 2 pages. Examples of process
details included in specific PBE projects are included in Table
1. In the spinal cord injury study, the PDA approach was
chosen to allow documentation of many details of functional
treatments.'®'? In contrast, the traumatic brain injury project
used a paper-based/web-entry system, since less detailed
descriptions of therapy content were needed. Finally, the
stroke rehabilitation study used an optical character recogni-
tion form, which captured required details about poststroke
rehabilitation therapies, such as use and timing of feeding,'’
early introduction of gait therapy by PT,*'® and use of
atypical antipsychotic medications.*'” The nursing home
pressure ulcer healing project incorporated standardized doc-
umentation of pressure ulcer characteristics and treatments
into existing electronic health record systems in nursing
homes; wound care nurses from sites across the US standard-
ized pressure ulcer assessment documentation (including ul-
cer length and width, color, drainage, odor, etc.) and treat-
ments, and designed feedback reports based on these data to
monitor and improve outcomes.

Outcome Heterogeneity

Project-specific outcome variables are identified and
defined by the project team. PBE studies are not limited to
assessing a single outcome; they can include multiple out-
comes. Where appropriate standardized outcome measures
exist, PBE studies can use them to take advantage of indus-
try-wide measures and training programs. For example, the
Functional Independence Measure (FIM) is a widely used
measure of performance across 13 motor and 5 cognitive
areas with “acceptably high” interrater reliability.>' > Inpa-
tient rehabilitation settings use FIM to determine reimburse-
ment, so employees nationwide routinely receive standard-
ized training in FIM scoring.** If PBE studies consider
functional status an important outcome, improvement in FIM
ratings can be used to determine “success” or “failure” of a
given intervention without requiring significant additional
training or change in documentation for participating sites.
FIM also can be a control variable because it is measured
routinely on admission to a healthcare setting to identify level
of patient disability. Thus, FIM can help identify homoge-
neous groups of patients on admission for comparison of
interventions and outcomes.

The Braden Scale for risk of pressure ulcer develop-
ment is another industry-wide standard measure that has been
used as both a control and an outcome variable in PBE
studies. Because the Braden Scale is done at multiple time
points, increases in scores are an indicator that interventions
are reducing pressure ulcer risk.>??* A third example is CSI,
which may be used as a stratification or control variable on
admission as well as an outcome variable (either at discharge
or as a longitudinal measure when documented at various
time points throughout the episode of care). Changes in CSI
scores over time indicate improving (lower severity) or wors-
ening (higher severity) status of patients.
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Although PBE teams strive to incorporate as many
standard measures as possible, they typically include other
outcome measures specific to the study topic. Some out-
comes, such as discharge destination (home, community,
institution), length of stay, or death are common in adminis-
trative databases. However, for project specific outcomes, the
project team must determine both the definition and how to
capture the variable. Many variables (eg, repeat stroke, deep
vein thrombosis, electrolyte imbalance, anemia), are found in
traditional chart documentation. Such variables, however,
typically are available only up to discharge from the care
setting.

For PBE studies that seek to follow patients after
discharge, patient reported outcomes (PROs) can provide
measures of the influence of inpatient treatment on continued
treatment, participation in community-based activities, and
other outcomes. Validated PRO instruments such as the Craig
Hospital Assessment and Reporting Technique,”®?' 36-Item
Short Form Health Survey (SF-36),> 7 and Edmonton As-
sessment Scale,*® are valuable tools where appropriate to the
study topic. Additional PRO variables may be defined by
PBE project teams and may include utilization variables (eg,
hospitalizations, emergency department visits, outpatient
therapy), participation variables (involvement in community
or religious organizations), and other healthcare-type vari-
ables (eg, bowel and bladder management techniques, assis-
tive devices/durable medical equipment, medications).

Measurement Error

A PBE study draws data from multiple sources; the
goal with each source is to have as little measurement error as
possible. If front-line clinicians decide and agree on defini-
tions of variables to be included for data collection, measure-
ment error is less likely than if variables are defined by a
researcher alone. Regardless of data source, all variables in a
PBE study should be checked for reliability.

For data obtained through medical record abstraction,
data abstractors at participating sites are trained through
instructive and practice sessions in the process of abstracting
project-specific PBE data (eg, CSI severity of illness and
other patient, process, and outcome data in medical records).
After completion of the training program, the trainer conducts
reliability testing by thoroughly reviewing blinded copies of
each data abstractor’s first 4 charts, as well as a random
selection of charts throughout the project. A 90% agreement
rate between the data abstracter and trainer is required; if
necessary, additional training is provided until 90% agree-
ment is achieved.

For clinician point-of-care documentation, the project
team assists discipline teams to write patient scenarios that
depict typical treatment sessions and include all aspects of the
documentation system relevant to that discipline. The clini-
cian within each discipline involved in the study’s point-of-
care documentation reads the scenario and documents it as
he/she would document an actual patient treatment session.
Documentation entries are compared with expected entries
drafted by the team that wrote the scenario; again, 90%
agreement is expected.
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Analytic Methods

PBE studies use multivariable analyses to identify vari-
ables that are most strongly associated with outcomes. De-
tailed characterization of patients and interventions allows
researchers to unravel relationships that might not otherwise
become apparent. CSI (overall or its components) is used in
data analysis to balance the effect of comorbid and co-
occurring conditions with the principal diagnosis. If a posi-
tive outcome is found to be associated with a specific inter-
vention or combination of interventions, the subsequent
statistical approach is to add or remove confounding patient
variables or combinations of variables in an attempt to make
that association disappear. The association may remain robust
or other variables may be identified that explain the outcome
more adequately. Interactions between interventions or be-
tween an intervention and specific patient characteristics are
explored through multivariable statistical analyses (multiple
regression, Cox proportional hazards regression, hierarchical
regression, and other models); these associations may not be
uncovered using less detailed or less comprehensive data-
bases. Large numbers of patients (usually >1000) and con-
siderable computing power are required to perform PBE
analyses. When multiple outcomes are of interest and there is
little information on effect size of predictor variables, sample
size is based on the project team’s desire to find small,
medium, or large effects of patient and process variables on
outcomes.>’

The PBE approach does not infer causality directly;
strength of evidence is built through the research process: (1)
alternative hypotheses regarding possible cause and effect are
tested using the large number of available variables to iden-
tify mediating and moderating influences on outcomes. Re-
sults can be used to eliminate potential hypotheses regarding
causality, and to generate additional specific analytic ques-
tions. Analyses continue until the project team cannot suggest
any other variables to explain outcomes, and the overall
equation explanatory power is higher than in previous known
research; (2) predictive validity of significant findings can be
ascertained by introducing findings into clinical practice and
evaluating their outcomes—when treatments change, do out-
comes change as predicted? For example, in a PBE study to
prevent pressure ulcers in “at-risk” nursing home residents,
findings of better practices to treat incontinence (using dis-
posable briefs), weight loss (using standard medical nutri-
tional supplements), and disruptive behaviors (using combi-
nation of newer selective serotonin reuptake inhibitors and
antipsychotics) were implemented and were followed by a
significant decrease in development of pressure ulcers®**’;
(3) studies are repeated in different healthcare settings and
essentially have the same findings.

DISCUSSION

PBE methodology addresses comparative effectiveness
by creating a comprehensive set of patient, treatment, and
outcome variables, and analyzing them to identify treatments
that are associated with better outcomes for specific types of
patients. A PBE study depends heavily on knowledge of
front-line practicing clinicians who design the PBE study and
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inform project analyses. They base project decisions on initial
study hypotheses, additional hypotheses that develop during
the study, literature reviews, and their training and clinical
experience. This multidisciplinary approach ensures inclu-
sion of a wide spectrum of variables so that heterogeneity
among patients, treatments, and outcomes is measured and
controlled. Inclusion of heterogeneous characteristics helps to
reflect patient populations seen in routine clinical practice and
to determine which of the multiple arrays of treatments
provided to these patients are associated with better out-
comes. Measurement is a key; the goal of PBE studies is to
have as few unmeasured confounders as possible. For all
measured variables, it is critical to minimize measurement
error and missing documentation. After data collection be-
gins, the project team tests reliability of data collected and
provides retraining in areas where reliability is deficient.

PBE studies and RCTs can be considered complemen-
tary study designs, with design choice optimized to answer
important questions about what works in health care. Find-
ings from PBE studies are easily translated into practice
because the studies include a wide range of patient types and
also a wide range of treatments used for a specific condition.
PBE studies also can be used to produce evidence needed
before investing major resources in a RCT, since they “[fo-
cus] on actionable findings that can be implemented to
improve effectiveness of care.”* Thus, PBE studies can be
both hypothesis-testing and hypothesis-generating.

Although not as expensive as most large RCTs, large
PBE studies can be costly, since many variables are obtained
from abstraction of existing paper medical records or from
new standardized documentation. However, PBE studies can
answer many more questions than most RCTs that are pow-
ered to predict a single outcome. And, as more healthcare
systems move toward electronic records, acquisition of data
may become easier and less costly.

Observational studies are hardly new, but there is
growing recognition of their importance in medical research,
provided they contain sufficient details about patient and
process differences. Their resurgence has been facilitated by
advances in severity of illness measurement, statistical meth-
ods, and computing power that have elevated observational
designs in their degree of rigor and in the amount and type of
information that can be gleaned from them.' Pragmatic clin-
ical trials were described recently as “blue highways on the
NIH roadmap™ with major highways, typically depicted in
red on maps, analogous to RCTs. Blue lines extend from
highways to communities where patients live and medical
care typically is administered. Each road type, like each trial
design, has its unique role and importance, but all must
interconnect to provide a complete picture. Given inadequate
and fragmented evidence to support clinical practice in com-
plex care environments with diverse populations, along with
recent developments in nonrandomized research methodolo-
gies and growing recognition of their value, we propose that
the next step to advance medical science and comparative
effectiveness research is to conduct more prospective large
scale observational cohort studies with the rigor described
here for PBE studies. This rigor provides controlled measure-
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ment of outcomes related to multiple interventions and a
variety of patient characteristics in diverse clinical settings.

Because healthcare is complex, study designs other

than RCTs are needed to determine what works best for
specific patient types and provide clinicians with a rational
basis for treatment recommendations for individual patients.
There is not enough money or time to examine each treatment
step or combination of treatments using RCTs. PBE study
designs provide a holistic picture of patients, treatments, and
outcomes with no preset limits to the number of variables that
can be included. PBE studies can address priority areas for
comparative effectiveness research funded by government
agencies and others and support buy-in and dissemination by
clinical providers. Such an approach is needed for high
quality comparative effectiveness research.
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